Introduction
These days the number of flights over living spaces is increasing. Flight noise investigation is currently done from only energetic points of view, independent of other noise sources. Therefore, the ground state of the environment and its changes do not get enough attention, so flight noise, is analyzed as if it would create more noise sources.
The approaches mentioned above lack subjective observation. This is a big problem in the case of the noise, which is called energy pollution or disturbed transfer of energy [4] that usually generates an immediate reaction from the observers and the environment.
There is an important question. Which method is adaptable to depict correct changes of environment state when the numbers and characters of flying operations and related noise levels are different in time? This study proposes a new simulation method based on a Monte-Carlo Simulation to answer this question.
The Monte-Carlo Simulation is one of the most well-known parametric uncertainty investigation methods. There are several books and studies that mention the theory of the Monte-Carlo Simulation and its applications.
Newman and Barkema describe the Monte-Carlo Simulation and its application opportunities to investigate several scientific problems [10] . Pokorádi has summarized the theoretical background of the mathematical modeling of technical systems and processes [12] .
In the study of Madić and Radovanović, an attempt was made to investigate the Monte-Carlo Method applicability for solving single-objective optimization problems [8] . Based on the results, they proposed a wider application of the Monte-Carlo Method for solving machining optimization problems because of its simplicity, efficiency and wide-ranging capabilities.
Morariu and Zaharia presented a calculation methodology of the testing duration of the products' reliability. Their proposed methodology and the accuracy of the results were verified by using the Monte-Carlo data simulation method [8] .
Sobor et al. analyzed the evolution of jet passenger aircraft noise and uncertainty of its determination [13] . They used probability calculation analysis.
The Authors have investigated noise protection questions of helicopters and aerial and other types of transportation [ [5] . These publications showed measured data which are used in the Monte-Carlo Simulation (see Table 1 ).
The outline of the study is the following: Section 2 shows the model of flying noise emission. Section 3 depicts the Monte-Carlo briefly. Section 4 demonstrates an assessment method of helicopter noise emission used Monte-Carlo Simulation. Section 5 summarizes the study, outlines the prospective scientific work of the Authors.
Helicopter Noise Effect Model
The noise pressure L Aeq , is mostly related to the changes of state of environment parameters. This noise pressure level which characterizes the observed influence of noise, is an equivalent parameter constituted by maximum and minimum sound pressures [4] . In case of aerobatic flies of helicopters uncertainties of equivalent noise pressures of maneuvers should be characterized by their distribution (see Figure 3 ).
The equivalent noise pressure is in accord with changes of pressure in the environment. But disturbance depends on time of noise effect too. Therefore, the duration of noise effect should be taken into account during the modeling of noise. The average noise load L AXj of (the j th ) maneuver [dB] can be determined by the following equation:
where: 
where:
The used time of estimation is 1800 s (30 min), because the average time of one aerobatic fly operation is 30 minutes.
The applications of equations (1) and (2) are in Hungary and in the European Union. These equations will be used during our investigation to estimate noise load of a helicopter aerobatics. In other words, equations (1) and (2) will be the model of the investigated helicopter flying operations. These equation determined by European and Hungarian regulations, therefore, the applied model has to be validated.
We can see that these equations compose a deterministic mathematical model of helicopter aerobatic noise. But the time of the maneuver is a variable parameter, that can be characterized by its distribution function (see Figure 4) . The number of maneuvers is a fluent parameter too (see Figure 5 ). Therefore, in order to investigate this environmental protection problem (basically a deterministic model with stochastic input parameters) the Monte-Carlo Simulation should be used.
The Monte-Carlo Simulation
Monte-Carlo is one of the well-known classical simulation techniques. The name Monte-Carlo was applied to this class of mathematical methods by scientists working on the development of nuclear weapons during the Manhattan Project in Los Alamos [7] . All Monte-Carlo Simulations have the following common features:
1) A known f(x) probability density function over the set of system inputs.
2) Random sampling of inputs based on the distribution specified in feature 1) and simulation of the system under the selected inputs.
3) Numerical aggregation of experimental data collected from multiple simulations conducted according to feature 2) [6] .
Numerical experiments of Monte-Carlo Simulation lead us to run the simulation on many sampled inputs before we can infer the values of the most interesting system performance measures.
At its heart it is a computational procedure in which a performance measure is estimated using samples drawn randomly from a population with appropriate statistical properties. The selection of samples, in turn, requires an appropriate random number generator. During our investigation the Hit and Miss (Acceptance-Rejection) Method will be used. This method, which is related to John von Neumann, contains random samplings from an appropriate distribution and subjecting it to a test to determine whether or not it will be acceptable for use. First, the f(x) probability density function and interval of the generated parameter should be determined (see Fig. 1 ). They can be defined by statistical Monte-Carlo Simulation of the pipeline system to investigate effects of the thermal water temperature of the real measured data or they can be assumed by preliminary experiences. Then two independent random values x from [x min ; x max ] and y x from (0; 1) intervals are generated and tested to see whether there are inequalities or not
holds:
 If the inequality holds, then accept x as a variable generated from f(x) (see B point in Figure 1 ).
 If the inequality is violated, reject the pair x, y x (see A point in Figure 1 ) and try again.
The Acceptance-Rejection Method can be executed simply and can generate random numbers to any kind of distribution [11] . 
The Simulation
The block diagram of the simulation can be seen in Figure 2 . The number of model generations N was 1500. The basic statistical data is shown by Table 1 . Investigation of Sobor et al. showed that the change of equivalent noise depends on the differences of the independent parameters of noise events but it is independent of the type of their distributions [13] . During the simulation, the Acceptance-Rejection Method shown in Chapter 3 was used. The density functions were chosen by our measuring [1] and general engineering experiences (see Table 1 
Results and Discussion
From the results of the simulation, the following conclusions can be deduced:
1.
The Monte-Carlo Simulation can be used to analyze noise effects of helicopter aerobatics.
2.
The noise pressure L Aeq and acoustical pressure level L AM,re , as unique limits, are inappropriate to investigate subjective noise observations and to make decisions that satisfy the condition of compromises. Additional indicators should be introduced for correct assessment.
3.
Due to uncertainties of environmental factors affecting the noise transmission measured values can have significant differences. 4. The duration of the maneuvers resultant in the L AX values used in valuation interval increased to +10 dB (see Figures 3 and 6 ). Namely, we consider 10 dB higher values of the assessment. It suggests focusing on the level of disturbance.
5. Figure 8 shows consequence of the preferably determined time of estimation. Based on these results, we draw the conclusion, that the distribution function is shifted towards lower noise levels and a narrower range of 60 to 80 dB added values. 6.
The number of maneuvers determines the total duration of noisy periods and its ratio to the quiet period. This is significant because the exposure time (durations of maneuvers) play a central role in reducing noise levels. So, the importance of number and times of maneuvers should be highlighted in the evaluation process.
7.
The applied model should be set up to following points of view:
 The measured noise pressure L Aeq shows a short period in the change of environment status based on the maximum and minimum sound pressure level values.
 The time of estimation T M equal to the duration of aerobatic flying operation allows for a more realistic analysis and more effective decisions.
8.
For realistic results, the measured pressure levels and their distributions have to be investigated, instead of, the average noise parameters.
Conclusions and Future Work
This paper proposed a Monte-Carlo Simulation-based method to investigate the noise load of helicopter aerobatics.
